Purpose To analyse the association of area-level deprivation (German Index of Multiple Deprivation, GIMD 2010) with health-and disease-related quality of life (QoL) and glycaemic control (HbA1c) jointly with individual-level socioeconomic status (SES) in young patients with preschool-onset type 1 diabetes. Methods A total of 425 male and 414 female patients aged 11-21 years from a Germany-wide population-based survey completed the generic KINDL-R, the DISABKIDS chronic-generic module (DCGM-12), and the DISABKIDS diabetesspecific module with impact and treatment scales (QoL indicators; range 0-100 with higher scores representing better QoL). To analyse the association of area-level deprivation and SES with QoL and HbA1c, multiple linear regression models were applied adjusting for sociodemographic and health-related variables. Results Mean QoL scores (SD) were 73.2 (12.2) for the KINDL-R, 76.1 (16.1) for the DCGM-12, 66.2 (19.9) for diabetes impact, and 56.4 (27.3) for diabetes treatment (DISABKIDS). Mean HbA1c was 8.3 (1.4)%. While both QoL outcomes and HbA1c level improved with increasing individual SES, no association was observed between area-level deprivation (GIMD 2010) and either outcome. Conclusions Compared with individual SES, area-level deprivation seems to be of minor importance for QoL and glycaemic control in young people with early-onset type 1 diabetes.
Introduction
In the World Health Declaration 'Health21' the World Health Organization (WHO) emphasizes "the importance of reducing social and economic inequities in improving the health of the whole population" [1] . However, regional differences in health outcomes (e.g. type 1 diabetes-related outcomes: HbA1c, prevalence of severe hypoglycaemia or prevalence of overweight [2] ) are still present and may be related to regional disparities in social, material or economic deprivation [3] . In Germany, the demographic change related to population ageing together with socioeconomic disparities lead to substantial differences in area-level deprivation which may be associated with individual health, for example, mortality [4] , incidence and mortality of lung and colorectal cancer [5] or type 2 diabetes prevalence [6] . A previous systematic review on health care inequalities in type 2 diabetes provided evidence that both individual and area-level social inequalities are often associated with worse diabetes outcomes [7] .
A recent systematic review examined associations of individual socioeconomic status (SES) and area-level deprivation with glycaemic control, hypoglycaemia and diabetic ketoacidosis in patients with type 1 diabetes [8] .
Accordingly, a lower individual SES and higher area-level deprivation were associated with an increased risk for diabetic ketoacidosis, while the results for glycaemic control and hypoglycaemia were contradictory between the included studies. However, not any of the studies analysed the influence of area-level deprivation beyond individual-level SES on diabetes outcomes. In 2014, we further reported on an association between better individual SES and QoL on the one hand and an inverse association between glycaemic control (HbA1c) and quality of life (QoL) in youths with type 1 diabetes from Germany on the other hand [9] . In another study by Galler et al. HbA1c was worse in patients with low/ moderate vs. high SES [10] .
Against this background of available studies, the aim of the current study was to analyse the association of area-level deprivation with health-and disease-related QoL and glycaemic control jointly with individual-level SES in patients with preschool-onset and long-term type 1 diabetes from Germany. Among patients with type 1 diabetes, this subgroup is of special interest due to its lifelong disease and the resulting increased risk of late diabetes-related complications [11, 12] . We hypothesised that QoL and glycaemic control were worse in patients living in more deprived versus less deprived areas controlling for individual SES.
Materials and methods
The analysis is based on data from the nationwide baseline survey (2009-2010) of the study 'Clinical Course of Type 1 Diabetes in Children, Adolescents and Young Adults with Disease Onset in Preschool Age' which was approved by the ethics committee of Heinrich-Heine University Düsseldorf [13] . In short, a total of 629 children/adolescents with type 1 diabetes together with their legal guardians and 210 young adult patients with diabetes onset below 5 years between 1993 and 1999 and at least 10 years diabetes duration gave their written informed consent and completed and returned comprehensive, age-adapted questionnaires (response rate 38%) [9] .
For the current analyses, QoL and self-reported HbA1c (in case of minors average from children's and legal guardians' reports) were the dependent outcome variables. QoL was assessed by the well-known standardized generic Revised Children's Quality of Life Questionnaire (Kiddo-KINDL-R version, comprising six dimensions of generic health-related QoL summed up to the total score), the DIS-ABKIDS chronic-generic module (DCGM-12) and the diabetes-specific DISABKIDS diabetes module (DM impact and treatment scales) [14] [15] [16] . All QoL scores and subscales were transformed to a range between 0 and 100 with higher scores reflecting better QoL.
Individual-level SES and an index of area-level deprivation were considered as main independent variables. Individual SES was assessed as the total score of an established German index of social status aggregating information on the legal guardians' (in children and adolescents) or principal household earners' (in young adult patients) highest achieved educational degree, vocational qualification and income (range 3-21, higher scores represent higher SES) [13] .
The German Index of Multiple Deprivation at municipality-level for 2010 (GIMD) was used to assess area-level deprivation (range 1-74, higher scores represent increased deprivation) [17, 18] . The GIMD aggregates deprivation measures from seven domains (income, education, employment, environment, municipal revenue, social capital, security, in each domain range 0-100) using data from official statistics. Each participant was assigned to a municipality with corresponding GIMD score based on the participant's residential postal code.
Age, sex, family structure (living with both biological parents or not), migration background (details are given in [13] ) and an urban/rural indicator (degree of urbanisation, [19] ) were included as potential confounding variables. Furthermore, the following health/diabetes-related data were considered: weight status (underweight/normal weight, overweight/obesity), hospitalisations due to any cause (including diabetes) during the past 12 months (yes/no), diabetes duration, insulin therapy regimen [conventional therapy (CT, 1-3 daily injections), intensified conventional therapy (ICT, ≥ 4 daily injections), continuous subcutaneous insulin infusion (CSII)] and severe hypoglycaemic events during the past 12 months (last month, last 2-12 months, not at all). According to international guidelines [20] , a severe hypoglycaemic event was defined as an event with altered consciousness/ coma with or without seizures or an event requiring glucagon or intravenous glucose therapy.
All variables were described by means and standard deviations (SDs) or percentages (partly not shown). To analyse the association of individual-level and area-level socioeconomic conditions with QoL or HbA1c, basic multiple linear mixed regression models were applied including a random intercept related to municipalities and adjusting for the potentially confounding variables described above (Model 0). The variance partition coefficient related to the random intercept was estimated.
To investigate differences in associations of individuallevel SES and area-level deprivation (GIMD) with QoL or HbA1c by sex, age group or degree of urbanisation we added terms for interactions of age group (Model 1), sex (Model 2) or urbanisation level (Model 3) with SES and GIMD in separate regression models. All statistical analyses were performed with SAS® version 9.4 (SAS Institute, Cary, NC,
Results
The study population consisted of 425 male and 414 female participants. Mean age (SD) was 16 According to the basic regression analyses (Model 0), both QoL outcomes and HbA1c level improved with increasing individual-level SES (for DM treatment score only by trend) ( Table 2) . No significant associations were observed between the GIMD and QoL indicators or HbA1c.
Associations of covariates with QoL scores or HbA1c are presented in ESM- Table 1 .
Associations between SES and outcomes were not significantly different between sexes although positive associations of SES with KINDL-R, DM impact and DM treatment scores were somewhat stronger among females (ESM- Table 2 , Model 1). There were weaker or no associations between SES and outcomes in pubertal adolescents (14-17 years) compared to the other age-groups. However, significant differences in effect estimates between agegroups were indicated only for the DM treatment score and HbA1c level (ESM- Table 2 , Model 2). Associations between SES and outcomes were not significantly different between levels of urbanisation although there was some variation in effect estimates. SES was indicated to be positively associated with QoL scores and negatively associated with HbA1c across all urbanisation levels.
GIMD was not associated with QoL scores or HbA1c in both sexes, all age-groups, and all urbanisation levels, with the one exception that GIMD was positively related to the KINDL-R score among patients living in rural areas. In all regression models, less than 10% of the variance of QoL indicators were explained by unmeasured area-level factors, and 16-18% of the variance of HbA1c.
Discussion and conclusion
To conclude, as compared with individual-level SES, arealevel deprivation seems to be of minor importance for QoL and glycaemic control in young people with early-onset and long-term type 1 diabetes, in the total study group and also in both sexes, different age-groups and urbanisation levels of residence.
To our knowledge, this study is the first study to analyse the association of area-level deprivation with QoL and glycaemic control in type 1 diabetes jointly with individuallevel SES. Limitations of the study are the only mediumsized study cohort, low response rate, and self-report of HbA1c values. Unfortunately, we had no information regarding regional differences in health care structures and contents of diabetes care. Therefore, it cannot be ruled out that the impact of regional deprivation on QoL and HbA1c has been intercepted by engaged health care personal. Furthermore, area size and population vary widely between municipalities in Germany. Therefore, our results should be substantiated in greater future studies comprising smaller and more homogeneous area-level entities (e.g. like "super output areas" in England [21] ).
In conclusion, individual-level SES seems to be the considerably better predictor of glycaemic control and QoL in young patients with early-onset T1DM as compared to arealevel deprivation. The observed associations of individuallevel SES with HbA1c and QoL call for the implementation of tailored measures for socially disadvantaged patients. forwarding the questionnaires to their patients. Furthermore, we thank our colleagues at the German Diabetes Center for their faithful support during data collection and entry. 
